I. Introduction
As the largest federal statistical agency and primary collector of data on businesses, households and individuals, the Census Bureau each year conducts numerous surveys intended to provide statistics on a wide range of topics about the population and economy of the United States. The Census Bureau's decennial population and quinquennial economic censuses are unique, providing information on all U.S. households and business establishments, respectively.
The censuses and most surveys are static snapshots of the populations they are intended to describe. Researchers and statisticians, however, have long known the value of longitudinal data that follow the same survey units over time (see McGuckin and Pascoe, 1988) . There are two ways to construct such datasets. First, statistical agencies can explicitly design longitudinal surveys (examples include the SIPP, NLSY and PSID). Alternatively, records from successive survey years can be linked together. For the vast majority of the statistical programs at the Census Bureau, the latter is the only alternative.
The Center for Economic Studies (CES) at the Census Bureau has a mandate to construct, maintain and conduct research with longitudinal datasets. CES maintains these and other micro datasets for use by economists, and other social scientists. These data sets primarily contain information received from respondents to Census Bureau censuses and surveys, and may contain data on individuals, households or businesses. Traditionally, however, CES has focused on business data, mostly from the manufacturing sector.
The first longitudinal dataset created at CES was the Longitudinal Research Database (LRD) 2 . The LRD contains longitudinally linked plant level data from the Censuses and Annual Surveys of Manufactures. Over the years, a large and successful research program has been carried out using the LRD (for reviews see Bartelsman and Doms 2000; Caves 1998 ). This paper describes recent efforts at CES to create a new longitudinal research dataset: the Longitudinal Business Database (LBD). The LBD is a major improvement over existing longitudinal establishment datasets. Unlike the LRD, which covers only manufacturing, the LBD covers nearly all the non-farm private economy, as well as some public sector activities. Also, research using the LRD found problems with broken longitudinal linkages that lead to spurious establishment births and deaths (Dunne 1992) . We supplemented the longitudinal numeric identifiers assigned by the Census Bureau with name and address matching to repair broken linkages. Other economy wide longitudinal files, such as the Bureau of Labor Statistics' Longitudinal Database (LDB) (Spletzer 1997; Pivetz, Searson and Spletzer 2001) and the Small Business Administration sponsored Business Information Tracking Series (BITS) at the Census Bureau (Robb 1999) only extend back into the early 1990's. The LBD, by contrast, contains data back to 1975.
There has been talk of creating the LBD for several years (Nucci 1993) , but due to various constraints, serious work was delayed. The LBD provides longitudinally linked data for all employer (i.e., those with paid employees) establishments contained in the Census Bureau's business register, the Standard Statistical Establishment List (SSEL). Currently, the core linkage files of the LBD have been constructed and work continues to add additional components that will contain basic data items, such as payroll, employment, location, industrial activity and firm affiliation.
The LBD will be invaluable to researchers examining entry and exit, gross job flows and changes in the structure of the U.S. economy. The LBD will also be useful to aid the Census Bureau in examining how its census and survey programs describe the U.S. economy. While the LBD is useful as a stand-alone research dataset, we intend it to be used in conjunction with other Census Bureau establishment and firm level micro data. The LBD describes how establishment units in various Census Bureau censuses and surveys are linked over time. Identifiers on the LBD facilitate linking to other datasets.
In this paper, we will focus on describing the longitudinal linkages that are the core of the LBD. We first discuss the source data we used. Next we describe how we linked establishment records over time. We then discuss some of the features of the LBD and how we think it can be useful to the Census Bureau and the research community.
II. Source Data for the LBD
Various components of the LBD will contain information from a variety of sources including the Business Register (or SSEL), Economic Censuses and surveys. To construct the longitudinal linkages, however, we relied on only one source: the business register.
Since 1972, the Census Bureau has maintained a general-purpose business register for use by the Federal Statistical System. The business register is a database of U.S. business establishments and companies. In 1968 the Office of Management and Budget, which oversees all Federal Executive Branch statistical activities, directed the Census Bureau to develop and maintain the Standard Statistical Establishment List (SSEL) on behalf of all federal statistical agencies. The SSEL is authorized under Title 13, U.S.C. (for more see U.S. Bureau of the Census, 1979).
The SSEL is used as the frame for Census Bureau firm and establishment surveys. It is also the source data for employment and payroll data summarized by industry and geographic area in the County Business Patterns (CBP) Program. Longitudinal business demographics and summary statistics derived from the SSEL have been used by multiple government agencies and private organizations. 3 The SSEL is continuously updated with administrative data from other federal agencies, as well as data collected by the Census Bureau. It has undergone significant changes and enhancements over time. For example, the SSEL has seen two major revisions in industry coding: the 1987 SIC revision, and the adoption of NAICS in 1997. The Census Bureau is currently undertaking a major redesign of the SSEL for the 2002 Economic Census. While this redesign will have important implications for the LBD going forward, we do not discuss it here. Instead, we focus on the characteristics of the SSEL over the period of the current LBD.
Coverage of the SSEL 4 :
The SSEL covers legally operating entities operating in the U.S. and its territories. Entities engaging in illegal or "underground" activities are not covered. The SSEL covers only entities with paid employees. Before 1994, nonemployers that were subject to Federal income tax were included in the SSEL in Economic Census years. Since 1994, these are kept in a separate nonemployer file. Note that the SSEL files stored at CES contain employer entities only. The SSEL is constructed from a variety of data sources including administrative records and Census surveys. As a result the SSEL covers different statistical units. The primary unit on the SSEL is the business establishment. An establishment is a single physical location where business is conducted. The establishment is the economic unit used in the Quinquennial Economic Censuses and in many of the Census Bureau's other business surveys.
However, there are other statistical units in the SSEL that may or may not be equivalent to the business establishment. These are important when constructing the LBD. First, the EIN unit is an administrative construct. The IRS assigns Employer Identification Numbers for tax reporting purposes. An EIN unit is comprised of one or more establishments. Second, the enterprise is an economic unit comprising one or more establishments owned by the same legal entity. That is, the enterprise is the highest-level parent company that controls more than 50% interest in its affiliated establishments.
The relationship between establishment, EIN and enterprise units By far the most common entity on the SSEL is the single unit establishment. This occurs when the parent enterprise does business at only a single physical location. In this case the establishment, EIN and enterprise units will refer to the same single economic entity. The organization of the single unit enterprise facilitates the use of administrative data for statistical purposes. Namely, the enterprise files with the IRS under a single EIN, which in turn represents a single physical location or establishment. In this case, the enterprise (or firm) is identical to the tax reporting entity, which is in turn identical to the establishment, which is the statistical unit for the Economic Census.
The other primary entity on the SSEL is the multi unit establishment. These units represent establishments owned by enterprises conducting business in multiple locations. The organization of multi unit enterprises complicates the use of administrative data for statistical purposes.
The Census Bureau wants to provide data that describes the economy in as much industrial and geographic detail as possible. The most logical way to achieve the Census Bureau's goals of providing both industrial and geographical detail is to break the activities of multi unit enterprises up by establishments. This also has the important advantage that it matches the reporting unit for single unit enterprises.
Sources of administrative data, such as the IRS, do not share the Census Bureau's need for establishment level data. Multi unit enterprises report to the IRS under at least one EIN. The Census Bureau must then break the enterprise and its EINs into their constituent establishments. This is done primarily via the Economic Census and the annual Company Organization Survey (COS).
Processing issues with the SSEL
There are a number of processing features of the SSEL that affect how accurately it describes the universe of employer establishments in the U.S. The primary purpose of the SSEL is to provide a mail-out frame for the Economic Census. Understandably, the Census Bureau devotes more resources to the SSEL when it is preparing to do an Economic Census and when it uses the results from the census to update the SSEL. This introduces a 5-year cycle that manifests itself in the data in several ways that users of the LBD should be aware.
First, the quality of the single/multi-unit breakout declines after an Economic Census and then improves again with the next census. Administrative data describe EI units. New EI units will enter as single units. Most of these will, in fact, be single units, but some will not. The Census Bureau often does not learn this until an Economic Census. This results in spikes in the number of new multiunit establishments in Economic Census years.
Also, the coverage of the COS varies over the SSEL processing cycle and due to budgetary considerations. This effects how well information on multi-unit establishments is updated between Economic Censuses. This impacts both the number of multi-unit establishments, and updates to their data items, such payroll, employment, industrial activity and firm affiliation.
III. Creation of the LBD linkages
The core of the LBD is a set of links that describe how establishments in a particular annual SSEL file relate to those in the preceding year. These links flag establishment records as births, deaths or continuers. We construct these linkages using numeric establishment identifiers along with name, address and other information. Before creating the links, however, we tried to ensure that the SSEL files we used were as complete and accurate as possible.
Preparation of SSEL files 1.
Assembling the files As mentioned above, the SSEL is constantly updated. The SSEL files maintained at CES, however, are annual snap-shots. In recent years, CES obtains files for a given reference year in fall of the following year, once COS processing is complete. These files are obtained by CES from the Economic Statistical Methods and Programming Division (ESMPD), which is responsible for maintaining the SSEL file electronically. For each year, CES data staff creates SAS ® datasets for both the multi and single unit files.
Prior to 1995, CES did not directly acquire annual snapshot files from ESMPD. For the years 1974 through 1994, CES obtained annual SSEL datasets from tape backups or County Business Patterns (CBP) micro-data files. This work was done in the mid nineties, by CES researcher Al Nucci, and involved translating the data from a proprietary Census Bureau binary format to ASCII. To our knowledge, the original archived data are no longer available.
Once at CES, the data were stored in compressed ASCII format, in as many as 50 files per year. Due to space limitations, the data were stored and used on various media and computers. To facilitate the use of these files for this and other research projects, CES data staff recently assembled all the data together on a single computer and in SAS ® datasets.
There were problems with several of the files that required attention before we could begin matching. For example, there were tapes missing when the 1978 Single Unit data were brought to CES. Therefore, we are missing those establishments whose data was stored on the missing tapes. We are also missing the entire 1988 and part of the 1989 Multi Unit files. For these, we were able to supplement with data from County Business Patterns files. Several other fixes had to be made to other files before we could begin constructing links. These are documented in Miranda (2002a).
Defining Active records
Not all records in the SSEL pertain to active establishments. There are several reasons why this is so. SSEL records can represent non-establishment entities or recently closed or otherwise defunct establishments (e.g. for single-units, the Census Bureau keeps records up to 9 quarters after establishments stop reporting data to the IRS). In addition, there are typically records on both the single and multi-unit files that pertain to the same EIN. Before successive years of the SSEL could be matched, we excluded inactive and duplicate records.
The procedures we used to arrive at the final annual SSEL datasets used to construct the LBD are based on Foster (1999) 6 . These are somewhat complicated and would involve discussing Census confidential material. Details on the procedures used to delete inactive and duplicate records are available in Miranda (2002a) . The following is a summary of those procedures.
• We drop all records with zero annual payroll.
• We drop all records with flags indicating inactivity or that the record does not pertain to an establishment. 8 6 Foster (1999) worked in close consultation with the Economic Planning and Coordination Division, which is responsible for the construction and maintenance of the SSEL. 8 An exception to this is out of scope EIN level records that represent multi location entities. These occur primarily in public administration.
• We unduplicated records pertaining to the same EIN across both the single and multi unit files. These usually arise when a multi-unit firm reverts back to a single unit. In this case, we keep the MU record as the information is more reliable than the administrative data on the single unit file. We do not impose any industry or geographic scope restrictions. The Census Bureau's County Business Patterns program, which also uses the SSEL as its primary data source, makes several restrictions of this nature. Therefore, the LBD universe is larger than the CBP universe and our establishment counts will exceed those in the CBP based BITS/LEEM file. Table 1 lists the establishment counts for the SSEL. We list both the total records on the CES SSEL files and the number of "active" establishments. The total number of records on the SSEL fluctuates considerably from year to year. However, the number of active establishments is much more stable and trends up over the period.
It is possible to see the effects of missing SSEL data in table 1. This is especially true for 1978. Fortunately, we are able to exploit the longitudinal properties of the data to fill most of these gaps. This will be discussed further below.
Creating the Link Files
Serious work on constructing the LBD began at CES in 1999. Krizan (1999) developed a methodology for linking adjacent years of the SSEL that was based on Trager and Moore (1995) . We have further modified the Krizan methodology here (see Miranda 2002b and 2001) .
The goal is to construct link, or pointer, files that describe how a record in one year is related to records in the previous year. For each year of the LBD, we want to be able to flag a record as a:
• Birth -a record in the current year that does not match to a record in the preceding year, • Death -a record in the preceding year that does not match to a record in the current year, or • Continuer -a record in the current year that matched to a record in the preceding year.
10
The Census Bureau assigns numeric establishment identifiers that make creating longitudinal linkages a straightforward task for the majority of establishments. However, for several years we have only a subset of these identifiers. In addition, there are problems with the longitudinal characteristics of the Census assigned numeric identifiers for a significant number of cases. These problems necessitate augmenting the numeric matches with character-based matches using information, such as establishment name and address. We used Automatch ® , sophisticated commercially available software originally developed at the Census Bureau, to perform statistical record linkage using character based information. Like Trager and Moore (1995) and Krizan (1999) , we first matched using numeric identifiers and then submitted the unmatched residual records to a name and address matching procedure using Automatch ® .
Numeric Matching
The Census Bureau maintains several numeric identifiers that can be used for linking establishments longitudinally. These identifiers have different purposes and characteristics that affect their usefulness for creating longitudinal linkages. 10 The LBD actually has a much richer set of flags that detail the nature of the linkage across two years. For more information on how the flags were constructed and what information they convey about the linkages, see Jarmin (2002a) .
The following is a brief discussion of these characteristics and more detailed explanations can be can be found by referring to the SSEL Glossary and Chapter 3 of the LRD Documentation (U.S. Census Bureau, 1998 and Center for Economic Studies 2002).
• CFN: Census File Number. This is the primary processing ID used by the Census Bureau to identify establishments in Economic Censuses and surveys. The CFN for a given establishment can change over time for several reasons (including ownership changes, changes in single and multi unit status and changes in legal form of organization). Because it can change over time, the CFN has limited usefulness as a longitudinal identifier. The CFN is available over the entire period covered by the LBD.
• PPN: Permanent Plant Number. The PPN was introduced to the SSEL in 1982 to facilitate longitudinal linkages. As it does with the CFN, the Census Bureau assigns each establishment a unique PPN. Unlike the CFN, however, the PPN for a given establishment is designed to remain unchanged as long as the establishment remains active at the same location. The PPN is the best available longitudinal identifier on the SSEL. Unfortunately, it is not available for all years and sectors on the LBD. It was not introduced to the business register until 1982. PPNs exist prior to 1982 only for manufacturing establishments on the LRD. In addition, there was a change in the method by which PPNs were assigned in 1985.
• EIN: Employer Identification Number. This is the establishment's taxpayer ID assigned by the IRS. For single unit establishments, the EIN is a unique identifier and is equal to the CFN (less a leading 0 attached to create the 10-digit CFN from the 9-digit EIN). This is not the case, however, for multi-unit establishments. A multi-unit firm will have at least one EIN. Each EIN that a multi-unit firm reports under will be contained on the Single Unit file and flagged as a "sub master" record.
• NEWID/OLDID: The SSEL tracks one change in the CFN. The OLDID is the predecessor CFN and NEWID is the current CFN.
We use the same numerical linking methodology as Krizan (1999) . When they were available, we matched first by PPN, flagged the matches and set aside the residuals. If PPNs were not available, we matched by CFN first. After CFN, we matched by EIN and then finally by OLDID/NEWID.
2.
Name and Address Matching.
There are two reasons why we are interested in augmenting the numeric matches with name and address matches. First, the PPN is the only true longitudinal identifier, and it is missing for the early years of the LBD. Second, numeric identifiers, including the PPN, are subject to errors. We want to make sure we are finding as many valid year-to-year establishment linkages as possible, without picking up erroneous ones. Missing matches inflate the number of establishment births and deaths.
The first problem is pretty straightforward and it's easy to see why we would want an additional matching method when PPNs are not available. In years where PPNs are missing we simply pass the unmatched records from the two adjacent years through the statistical matching algorithm we developed in Automatch®.
Dealing with PPN errors is more complicated and, therefore, requires a little more discussion. Although the PPN for an establishment is not supposed to change as long as business is conducted continuously at a given location, there are reasons why a PPN might change. First, there is the valid reason of splitters and combined reports. In the case of splitters, the Census Bureau may ask an establishment to break out reporting at a single establishment into two or more establishments. Likewise two adjacent establishments may be merged into one combined report. In both cases, no establishment entry or exit has occurred, but the number of records and, hence, PPNs on the SSEL changes. These types of changes are rare, however.
The most common reason why PPN linkages are broken is due to processing errors triggered by changes in establishment status. These are caused by events such as changes in ownership due to mergers and acquisitions, changes in the establishment's legal form of organization, and changes in single/multi-unit status. Trager and Moore (1995) term these "reorganizations." Depending on when the reorganization is coded to the SSEL, there are different ways of dealing with this problem.
The simplest cases to handle are year-to-year reorganizations. These arise when the break in the PPN and other numeric identifiers occurs across two annual versions of the SSEL. That is, continuing establishments in the year t SSEL will not link numerically to records in the year t+1 file. We would record false deaths between year t and t+1. Likewise, continuing establishments in year t+1 would not link numerically to records in the year t file and would be incorrectly identified as births.
The remaining classes of reorganizations are more complicated. Mid-year and birth reorganizations arise when the break in the numeric linkages occurs within an annual SSEL file. In the case of mid-year reorganizations, an establishment continuing from t-1 through t+1 would undergo some change in status during year t that causes a break in the numerical linkages. This change, however, results in duplicate records for the establishment on the year t SSEL. One of these records links numerically to year t-1, but not to year t+1 and the other links numerically to year t+1 and not year t-1. Likewise birth reorganizations occur when a new establishment undergoes a change in status in its initial year. Again there will be duplicate records for the establishment in year t, but only one of them will link numerically to a record in the subsequent year. Finally, in addition to splitters/combined reports and reorganizations, numeric establishment links can be broken through keying and coding errors.
Name and address information on the SSEL can be used to repair broken numerical linkages. However, these fields are difficult to compare using standard computer matching techniques. Matching fields in SAS ® or other commonly used statistical or database software requires an exact match. There are many ways that names and addresses can vary across two lists and still contain the same information. To the human eye a match may be obvious, but to a computer if the fields being matched differ even slightly, no match will be made.
The problem of linking records when exact matching is not possible has received considerable attention by a small cadre of researchers (see Internal Revenue Service 1985). The state of the art in statistical record linkage has advanced such that there is now commercially available statistical matching software. We use Automatch ® , a software package based on code originally developed at the Census Bureau.
12 A key feature of the software is its standardization routines. These take the name and address fields that we supply from the SSEL, remove extraneous information and output standardized fields for matching. The software assigns weights to potential matches. Those above a user-defined cutoff are matches.
We did considerable testing before settling on the Automatch ® algorithm we employed to repair broken numerical linkages for the LBD. A summary of these tests and a description of the final algorithm are available in Miranda (2002b) .
Post-Matching Edits and Coping with Extended Periods of Establishment Inactivity
Discussion of our longitudinal linking algorithms so far has focused solely on how active establishment records in a particular annual snap-shot of the SSEL link to active records in the previous annual snap-shot. There are two situations where we need to link records over longer time periods: i) to fill in missing source data, and ii) to allow for extended periods of establishment inactivity.
In the first case, we simply exploit the longitudinal nature of the LBD to infer establishment records in cases where we know we are missing SSEL source data. This occurs for the years 78, 83-86, 89 and 91 (see Miranda 2002a, 2002c) . To see how we fill "holes" in the LBD, imagine an active establishment whose record is on one of the missing 1978 SSEL tapes. is made, we infer that the establishment was active in 78. We also can do this for missing 78 births. Namely, we look positive prior year payroll on 79 births that were not active in 77. The vast majority of the cases that required post-matching linkage flag edits, were cases where we needed to correct for missing source data. In a smaller number of cases, we needed to fix incorrectly assigned linkage flags. All post-match edits are flagged accordingly to give researchers more information about the nature of the longitudinal links. More details are available in Jarmin (2002a) .
In the second case, we consider establishments that undergo periods, in excess of a year, with no payroll for reasons other than missing source data. For example, consider an establishment that was active from 1988 to 1994, then was inactive (no payroll) for two years and then became active once more in 1997.
The linking algorithms we have described thus far would classify the establishment as a death in 1995 (active in '94 but not in '95) and as a birth in 1997 (active in '97 but in '96) with a new longitudinal identifier. That is, the LBD would contain two records for the same physical establishment.
Following the methodology we have outlined thus far, we constructed a prototype LBD that did not allow establishments to undergo extended periods of inactivity. Jarmin (2002b) matched this first prototype LBD to a longitudinal version of the Annual Survey of Manufactures (ASM) and found that these periods of inactivity are much more prevalent than we had previously thought. Many establishments leave the active SSEL universe for two or more years and re-enter later, often with the same numeric IDs.
There are several explanations for why we might observe this type of behavior in the data. At this point, we have not done a detailed analysis, but a likely explanation is that we are observing businesses that transition back and forth between the employer (positive payroll) and non-employer universes. Other explanations include processing errors and re-tooling.
We have modified our linking algorithms to take account of establishments with extended periods of inactivity. The details of this are given in Jarmin and Miranda (2002) . When we compare the revised LBD with the first prototype, we find that accounting for extended periods of establishment inactivity reduces the number of unique establishments we have in the file by over 1.2 Million. This reduces the number of births and deaths in the current version of the LBD by over 40,000 per year as compared to the first prototype. Because we are still not sure of the status of many of these establishments we have separately identified them in the LBD so that researchers can treat them differently if they choose.
Matching Results
The current version of the LBD contains data for all employer establishments from 1975 through 1999. We use data from the 2000 SSEL, but the nature of the algorithms we used to deal with reorganizations means we can't compute links for the last year with available data. The first prototype LBD contained data only up to 1998. Thus, we have already updated the file once and will continue to do so on an annual basis when we receive new SSEL data. Table 2 summarizes the results from our numeric and name and address matching. It also shows the results from post-matching fixes we implemented to correct for missing data and miscoded linkages and to accommodate temporarily inactive establishments.
The first two columns in table 2 present, by year, the number of active establishments on the archived SSEL files at CES (see table 1 ), and the number of active establishments on the LBD after all matching and editing was completed. For most years the number LBD establishments is lower than the number of SSEL establishment because we eliminate duplicate records introduced by reorganizations. For the years 78, 83-86, 89 and 91, we use the longitudinal nature of the LBD to correct for missing source data on the SSEL (see Jarmin, 2002a for more details). Thus, the LBD has more records than the (active) SSEL for these years.
The next three columns break out the LBD by continuers, births and deaths.
Recall that the linkages on the LBD for a given year describe how establishments link to records in the prior year. Therefore, when interpreting the results in table 2, one should remember the number of continuers in, for example, 1994 is the number that were present in both 1993 and 1994. Likewise the number of births in 1994 refers to establishments that were active in 1994, but not in 1993, and the number of 1994 deaths refers to establishments that were active in 1993 and not in 1994. We list "true" births, deaths and continuers. That is we exclude from deaths those establishments that exit the active employer establishment universe only to re-enter at some later point. Likewise, we exclude from births those establishments that are re-entering after an extended period of inactivity. The numbers of establishments that enter and exit the active employer universe due to extended periods of inactivity are listed separately in columns under the "Temporarily Inactive" header. 147,840,006 148,943,846 129,202,387 18,458,460 15,811,794 1,283,351 1,283,324 928,806 The 1976 through 1999 LBD (which also includes data, but not links for 1975) contains 166,087,537 longitudinal (active LBD + deaths) linkages for 23,259,023 unique establishments. The last column of table 2 lists the number of name and address matched by year. Name and address linkages account for a small portion of the total number of linkages. However, at some point in their tenure in the LBD, approximately 3.68% of the establishments required name and address matching, at least once, in order to preserve their longitudinal linkages.
A key concern is to separate true births and deaths from spurious ones generated by the processing systems that generate the data underlying the LBD. We have tried to ensure that the data in the LBD are as accurate as possible. We have used both numeric identifiers and name and address matching to try to find all the linkages between records on successive years of the SSEL. We have also used the longitudinal nature of the LBD to fill in for missing SSEL source data and account for establishments that enter and exit the LBD due to periods of inactivity. The impact of this "post-match" processing can be seen in figures 1 and 2. Figure 1 shows the births and deaths obtained after linking the SSEL files, as they exist at CES. The most striking feature of figure 1 is the huge spike in deaths in 1978 (i.e., establishments active in 1977 and not in 1978) followed by a similar spike in births in 1979 (i.e., establishment active in 1979 and not in 1978) . This results from the fact that the 1978 SSEL file at CES is incomplete.
Missing source data for 1978 and other years, miscoded LBD linkages and temporary periods of inactivity create problems when computing establishment birth and death rates in the LBD. That is why we go to such care to correct, or at least take account of, these problems. Figure 2 shows the total numbers of establishment births and deaths after we perform our post-matching edits. 15 The figure clearly shows that the post-match fixes smooth the birth and death series' considerably. We juxtaposed the LBD birth and death series' in figure 2 with GDP growth. As expected, net entry (the difference between births and deaths) appears to be pro-cyclical. However, we are still concerned that processing drives some of the results. We are suspicious of the birth spikes in 1987 and The limited detail on the LBD is mitigated by the ease with which it can be linked to other establishment and firm data from the Census Bureau and other sources. In this section, we discuss several of the data items we have included on the LBD.
Establishment Age and Tenure
One of the big advantages of the LBD is better establishment age and tenure information. Static datasets based on Economic Census or survey files typically contain no information on establishment age. 17 The LRD can be used to measure the age of manufacturing plants opened after 1963. Researchers using the BITS file have utilized a variable (syr) that indicates the year the record was added to the SSEL (Robb 1999; Acs and Armington 1998; Nucci 1999) . However, that variable is not completely reliable for the same reasons that the PPN is not.
We can easily compute establishment tenure in the LBD. For all but those establishments active in 1975, we can compute age as well. Establishment tenure is just the difference between the last and first year for which an establishment has non-missing linkages in the LBD. For example, an establishment born in 1978 and dying in 1988 would have tenure of 11 years since it would have valid linkage flags from 1978 (birth) to 1989 (death, recall that the flags describe the nature of the linkage to the prior year). Computing age is similar. However, we can't compute a true age for establishments with left censored data (i.e., those in the LBD in 1975). This problem is most acute in the early years of the LBD and steadily diminishes over time as the 75 cohort thins and is replaced by new entrants. For example, we can compute age for only 17% of the establishments active in 1977 and for 88% in 1998. Figure 3 shows the tenure profile for establishments in the LBD. Clearly, most establishments are in the LBD for only a short time. Tenure is the same as age for all but the 75 cohort, and, as expected, we see a monotonic decrease in tenure. The blip at tenure equal to 24 years represents establishments active in 
Number of Estabslishments
Number every year of the LBD. Note that establishments with tenure equal to 0 are 1999 entrants and, therefore, have the same initial and terminal year in the current version of the LBD.
We are concerned that data quality may be poor for establishments with few observations in the LBD. This is especially the case for establishments never surveyed by the Census Bureau, and for which all the information we have is derived from administrative sources. While this is clearly a problem when looking at individual establishments, it is less so when looking at the number of plantyear observations in the LBD. Figure 4 shows the cumulative tenure distributions for establishments, and for establishments weighted by the number of years we observe then in the LBD. Whereas 50% of establishments are in the LBD for three years or less, more than 75% of the plant-year observations are contributed by establishments that are active in the LBD for 5 or more years. These establishments are much more likely to have been canvassed by the Economic Census or some other Census Bureau collection and, therefore, have better industry, geographic, employment and other data. We will be able to test this more precisely once we begin testing the linkages between the LBD and census and survey data. The LBD will be an excellent tool to assessing whether current data collections are of sufficient detail and frequency to accurately measure the economy. The LBD contains industry and geographic classifications similar to those on most Census Bureau establishment data sets. Currently, however, these are limited to contemporaneous codes and they can be missing or inconsistent over time. We are currently working on improving both the geographic and industry data contained in the LBD. One of our biggest challenges is to provide consistent industry coding over the entire history of the LBD. This is complicated by the fact that the period of the LBD spans two major SIC (Standard Industrial Classification) regimes and the switch to NAICS (North American Industrial Classification System). Since these classifications (especially geographic) vary little within establishments over time, we can exploit the longitudinal nature of the LBD to fix missing and inconsistent codes.
Basic Economic Variables in the LBD
In addition to geographic and industry information, the LBD contains basic data on payroll and employment. These provide researchers with basic measures of the scale of economic activity taking place at establishments. In the current prototype LBD, these items come from the SSEL. Once we link the LBD to the Economic Censuses and other surveys, we will edit the payroll and employment data in the LBD to reflect the best available information.
Unlike industry and geography codes, payroll and employment data are much more sensitive to data quality problems, since they vary more within establishments over time. This is particularly important in reference to missing source data and SSEL processing cycles.
To get an idea of the scope and quality of our current employment measures we compare LBD employment with numbers from CBP. Figures 5 and 6 plot employment, by year in major industry groups, and compare CBP numbers (red) with LBD employment numbers (green) and with the LBD using CBP type inscope restrictions (brown). We see that, especially in agriculture, TCU, FIRE and services, the scope of the LBD is larger than the scope of CBP resulting in higher LBD employment for these sectors. On the whole, however, the LBD tracks CBP employment very well for most sectors once we restrict attention to establishments that are in scope for the CBP.
Firm Affiliation
Currently there is basic firm affiliation information for all establishments in the prototype LBD. This comes from the CFN. We intend to make several improvements and enhancements to the information on firm affiliation in the LBD. We want to track ownership changes and create flags that describe the nature of the linkages between the ownership statuses of establishments over time.
V. Summary
This paper documents recent efforts at the U.S. Census Bureau to construct a new longitudinal establishment data set. Several aspects of the LBD set it apart from existing longitudinal establishment datasets. First, it covers all industrial sectors of the economy. Widely used longitudinal establishment files, such as the LRD, have been limited to the manufacturing sector. However, this sector is declining in importance and it may not be representative of other industries. The LBD will allow research into expanding sectors of the U.S. economy. Second, the LBD covers all employer establishments (with a minimum of one employee). The wide coverage offers possibilities for research into the life cycle of small firms. Third, it contains detailed geographic data allowing research on the dynamics of business location and structure. It will be possible to explore the interactions between local communities and businesses and also amongst types of businesses. Fourth, establishment data go back 25 years and covers multiple business cycles. Other establishment data sets are typically limited to the 1990's. Finally, linking the LBD to other Census Bureau establishment data is relatively trivial making it possible to considerably enhance the scope and depth of information for LBD establishments. The new data has the potential to enhance our understanding of such topics as job creation and destruction, firm turnover, the life cycle of establishments and changes in the structure of the U.S. economy amongst others. 
